ABSTRACT. Maximum serum thyroxine (T 4 ) and triiodothyronine (T 3 ) levels of healthy calves were seen at 1 day after birth, and thereafter rapidly decreased until 5 days after birth. They stabilized until 2 weeks after birth, then gradually decreased until 4 weeks after birth. Serum T 4 levels of calves with endemic goiter tended to be lower than those of healthy ones, but showed similar levels to those of adult cows. T 3 levels of calves with goiter were similar to those of healthy ones, but showed higher variation. T 4 /T 3 ratio of calves with goiter were significantly lower than those of healthy ones and adult cows. While individual levels of serum T 4 and T 3 at just after birth could not be considered as a diagnostic index, the T 4 /T 3 ratio could be adopted as a diagnostic index of endemic goiter. The histopathological changes of an enlarged thyroid gland together with other evidence of hypothyroidism are necessary to diagnose endemic goiter in newborn calves [6, 9, 11] . However, since the energy metabolic rate is higher in newborn calves, thyroid hormone levels may be more variable just after birth. In this paper, the thyroid hormone levels of calves with goiter were compared with those of healthy calves and adult cows to investigate a possible diagnostic index of endemic goiter in calves.
The histopathological changes of an enlarged thyroid gland together with other evidence of hypothyroidism are necessary to diagnose endemic goiter in newborn calves [6, 9, 11] . However, since the energy metabolic rate is higher in newborn calves, thyroid hormone levels may be more variable just after birth. In this paper, the thyroid hormone levels of calves with goiter were compared with those of healthy calves and adult cows to investigate a possible diagnostic index of endemic goiter in calves.
Six healthy Holstein calves were examined. Newborn Holstein calves with goiter (n=34) found at 3 farms in the Tokachi district in Hokkaido were also examined. The diagnosis of endemic goiter was based on histopathological findings of enlarged thyroid glands. The blood of healthy calves was collected from the jugular vein at the following times: just after birth, 1, 3, 5, 7 days after birth, 2, 3, 4 weeks after birth, and 2 months after birth. The blood of calves with endemic goiter was collected just after birth (n=13), 1 (n=8) and 3 (n=5) days after birth, and at 2 (n=4) and 4 (n=4) weeks after birth. As a control, the blood of healthy 18-21 month-old adult cows (n=6) was also examined. Serum was separated quickly from collected blood then frozen at -20°C until determination of the thyroid hormone levels.
Serum thyroxine (T 4 ) and serum triiodothyronine (T 3 ) of healthy calves, calves with goiter and healthy adult cows were determined by the RIA method (SPAC T 4 RIA Kit and SPAC T 3 RIA Kit, Daiichi RI institute) and the T 4 /T 3 ratio was calculated. Differences of thyroid hormone levels among healthy calves, calves with goiter and healthy adult cows were considered significant if p values were <0.05 or <0.01 by Student's t test. Figure 1 shows the changes in serum levels of thyroxine (T 4 ), triiodothyronine (T 3 ) and the T 4 /T 3 ratio in healthy calves and calves with goiter. These were compared with those of adult cows. Serum T 4 levels of healthy calves until 7 days after birth were significantly (p<0.01) higher than those of adult cows, and showed the maximum levels at 1 day after birth. Thereafter, they decreased rapidly until 5 days after birth. The levels at 2 weeks after birth were significantly (p<0.05) higher than those of adult cows but gradually decreased to levels not significantly different with those of adult cows until 4 weeks after birth, thereafter showing stable levels until 2 months. Serum T 3 levels of healthy calves followed the same pattern as T 4 levels, and compared with T 3 levels of adult cows, were significantly higher (p<0.01 or p<0.05 ) until 3 weeks after birth. Thereafter, they decreased gradually to a minimum level which was the same as that of adult cows, and stabilized until 2 months after birth. The T 4 /T 3 ratio of healthy calves tended to be higher than that of adult cows at birth, but except for those at 3 and 4 weeks after birth were significantly (p<0.01 or p<0.05) lower than those of adult cows. On the other hand, serum T 4 levels of calves with goiter tended to be lower than those of healthy calves from birth to 2 weeks after birth. There was no significant difference between serum T 4 levels of calves with goiter and adult cows. Serum T 3 levels of calves with goiter were significantly (p<0.01) higher than those of adult cows, but showed higher variation than those of healthy ones. The T 4 /T 3 ratios of calves with goiter were significantly (p<0.01 or p<0.05) lower than those of healthy ones and adult cows from 0 day to 4 weeks after birth. Figure 2 is a more detailed presentation of the serum levels of T 4 , T 3 and the T 4 /T 3 ratio in 1 day old healthy calves, 1 day old calves with goiter, and 18-21 months old adult cows. Serum T 4 levels in calves with goiter were significantly (p<0.01) lower than those of healthy ones and adult cows. Serum T 3 levels of calves with goiter were significantly (p<0.05) lower than those of healthy ones, but were significantly (p<0.01) higher than those of adult cows. The T 4 /T 3 ratio of calves with goiter was significantly (p<0.01) lower than those of healthy calves and adult cows.
The thyroid glands of the calves with goiter enlarged markedly. Thirteen had golfball-sized (4 cm), 10 had eggsized (6 cm), 6 had fist-sized (9 cm) and 5 had softball-sized (10 cm) enlargements. In the histopathological findings of the biopsy materials of the thyroid glands diffuse hyperplastic goiter was evident. The main clinical sign in 17 calves was weakness and they died within 3 days. Marked abnormality was not evident in the other calves. Serum T 4 and T 3 levels of the healthy calves were significantly higher at birth than those of adult cows. Maximum levels were seen at 1 day after birth, and thereafter decreased to the levels of adult cows [5] at 4 weeks after birth. These results are similar to the findings of previous studies [2, 8] . In cattle, iodide trapping in the thyroid gland of the fetus begins at about 60 days [4] . Blood T 4 levels begin to increase in the middle fetal stage, and increase until twice the level of the dams in the late fetal stage [3] . With regard to T 3 levels, these are low in the fetal stage, but increase until they reach the level of the dams at birth [13] . This phenomenon is thought to be caused by the rise of deiodination from T 4 to T 3 in peripheral tissues [13] . In cattle [2] , sheep [7] and swine [12] , TSH is released actively and T 4 and T 3 levels increase until 24-48 hr after birth. This stimulation is transmitted by TRH in the hypothalamus, leading to increased secretion of TSH, and subsequently increased secretion of T 4 in the thyroid [14] . Further, the basal metabolic rate of newborn calves increases rapidly after birth, attains a peak at 2-4 days after birth, decreases rapidly until 8 days, and thereafter decreases gradually and stabilizes after 21 days [3] . Calves spend the stored thyroid hormone on active energy metabolism just after birth. TSH and secretion of T 4 from the thyroid gland are suppressed by the negative feedback system of thyroid function. It is thought that as a consequence, the thyroid hormone levels decrease rapidly from 1 day after birth .
Thyroid hormones have a great variety of effects on the growth of the fetus and newborn calves [1] . Dietary iodine deficiency is associated with stillbirth, abortion, weakness and goiter [6, 11] . If calves with goiter were to be born on the range during inclement weather, many would die [10] . In this study, many of the calves with goiter were weak and died within 3 days after birth. Serum T 4 levels in calves with goiter tended to be lower than those of healthy ones, but showed similar levels to those of adult cows. T 3 levels of calves with goiter were similar to those of healthy ones, but showed higher variation. From the above results, individual levels of serum T 4 and T 3 at just after birth could not be considered as a diagnostic index because of their high variation. However, since the T 4 /T 3 ratio of calves with goiter was significantly lower than those of healthy ones and adult cows, the T 4 /T 3 ratio could be adopted as a diagnostic index of endemic goiter.
